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Abstract - One of the most interesting heterochronic processes in the European newt (genus Triturus) is paedomorphosis, 
a phenomenon of attaining reproductive maturity while retaining larval features. However, paedomorphosis seems to be 
rare in the crested newt (Triturus cristatus superspecies). In the locality Vrba, near the town of Tuzi (Montenegro), Dr 
Georg Džukić found paedomorphic Macedonian crested newt (Triturus macedonicus). In this paper, new evidence for this 
heterochronic process in the crested newt from Montenegro is reported.
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INTRODUCTION
Developmental heterohronies are defined as a devel-
opmental change in the timing of events, leading to 
changes in the shape and size of individuals. One of 
the most extensively studied types of heterochronic 
processes in the European newt is paedomorphosis. 
Paedomorphosis (retention of larval traits in adult 
individuals) is suspected to play an important role 
in both micro- and macro-evolutionary processes 
(McKinney and McNamara, 1991). In salamanders 
(Caudata), paedomorphic individuals are character-
ized by such larval characteristic as external gills and 
associated hyobranchial structures, enlarged tail fins, 
skin often with Leydig cells, and larval texture and 
characteristics of larval skull that make them differ-
ent from metamorphic individuals.
In some salamander species, individuals express 
facultative paedomorphosis in that individuals ei-
ther transform into terrestrial metamorphic adults 
or remain in the aquatic environmental conditions 
experienced during larval development (Whiteman, 
1994; Denoël et al., 2005). Facultative paedomor-
phosis occurs in several urodele species worldwide 
(Ambystomatidae, Plethodontidae, Salamandridae). 
There are many studies about the impact of paedo-
morphosis on discrete life-history polymorphism 
(Denoël et al., 2009), levels of genetic variability and 
morphological integrations (Kalezić et al., 1994), 
intersexual morphometric differences (Kalezić et 
al., 1992; Kalezić et al., 1994), cranium size-shape 
changes during ontogeny (Djorović and Kalezić, 
2000), and sex ratio (Tucić et al., 1985; Kalezić et al., 
1989).
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Facultative paedomorphosis is common in Eu-
ropean newts (family Salamandridae, genus Trit-
urus), especially in alpine (Ichthyosaura alpestris) 
and smooth newts (Lissotriton vulgaris) in the Bal-
kan area. Paedomorphosis has also been recorded 
in some other newt species: Lissotriton helveticus, 
L. italicus, T. cristatus, T. macedonicus (Wells, 2007) 
and Ommatotriton ophryticus (Baskale et al., 2011). 
According to Džukić (1990), the incidence of paedo-
morphic individuals is very high (more than 50%) 
in some populations of alpine and smooth newts in 
the Balkans, but in the crested newts (Triturus cris-
tatus superspecies) facultative paedomorphosis ap-
pears to be rare; only single paedomorphic individ-
uals were recorded. To date, there are a few record-
ed cases of paedomorphic crested newts in Europe. 
Thus, Schriber (1912) found near Gorica specimens 
of paedomorphic crested newt with well-developed 
gills but with some adult characteristics. In addi-
tion, Frazer (1983) reported paedomorphosis among 
crested newt individuals in England. Recently, a 
number of paedomorphic individuals were found 
in Montenegro, in which numerous larvae have pro-
longed growth due to overwintering (Kalezić and 
Džukić, 1990). These larvae usually metamorphose 
into immature juveniles during the following year. 
To date, only one population of T. macedonicus from 
the Montenegrin karst area has been found with a 
few sexually mature newts with larval morphology 
(Kalezić et al., 1994). In this paper, new evidence of 
paedomorphic Macedonian crested newt (T. mace-
donicus) from Montenegro will be reported. This is 
very important evidence because paedomorphosis 
is extremely rare in crested newts. Therefore, every 
occurrence of such individuals should be registered.
The Montenegrin karst area, a restricted part 
of the Dinaric Alps, is an important region where 
paedomorphic populations of all three species of 
European newts (Lissotriton vulgaris, Ichthyosaura 
alpestris and Triturus macedonicus) have been found. 
The karst of Montenegro is a limestone area of ex-
posed karst, and in spite of very high precipitation 
(3 500 mm per year on average), the highly porous 
limestone base is responsible for extreme aridity 
during summer. In the Montenegrin karst, crested 
newt inhabits artificial fishless breeding sites such as 
ubao and lithotelma with permanent alkaline water 
(pH between 8 and 9) (Ćirović et al., 2008).
MATERIALS AND METHODS
On 29 May, 1996, Dr Georg Džukić found paedo-
morphic Macedonian crested newt (Triturus mace-
donicus) in the locality Vrba, near the town of Tuzi 
(10 km from Podgorica) toward the Dečić mountain 
(613 m a.s.l), Montenegro (42˚ 22’ N, 19˚ 20’ E). The 
newt was collected from a small artificial water 
body called an ubao, about 3 m wide, using a 
hand net. This ubao lies in a marshy meadow about 
450 m a.s.l., in the shade of a fig tree. The major part 
of the surroundings belongs to karst with scanty 
stands of crack plant dwellers. Climatic conditions 
are typical for the Mediterranean region, with hot 
and dry summers and rainy, mild autumns and win-
ters. The paedomorphic specimen was conserved in 
70% ethanol and stored in the Herpetological Col-
lection of the Institute for Biological Research “Sin-
iša Stanković” in Belgrade. Morphometric measure-
ments were taken with a dial caliper with 0.1 mm 
precision.
RESULTS AND DISCUSSION
The specimen was measured for the following mor-
phometric characters: total length (L) 79.92 mm and 
snout-vent length (SVL) 45.61 mm, measured from 
the snout to the posterior edge of cloaca basis. The 
sex of the individual could not be determined by 
external secondary sexual characteristics. The pae-
domorphic specimen was recognized by gonad in-
spection after dissection. Based on the reproductive 
organs it was found that paedomorphic specimen 
was female that was not sexually mature.
In the crested newt (T. cristatus superspecies) its 
unique life-history leads to obligate metamorphosis, 
i.e. facultative paedomorphosis is extremely rare. In 
addition, very large overwintered larvae of the crest-
ed newt may sometimes be found and these tadpoles 
in the following year can give rise to a group of pae-
domorphic adults (Kalezić, 1990). The female de-
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scribed here represents a paedomorphic specimen 
despite its small size and sexual immaturity (Figs 
1 and 2). In addition, at the same locality paedo-
morphic males with well developed cloaca, which 
indicates sexual maturity and the presence of pae-
domorphosis, were found.
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